In agreement with the National Committee for Clinical Laboratory Standards guidelines for nonenterococcal streptococci, any strain with an MIC ≥4.0 µg/ml was classified as resistant, whereas those strains with an MIC ≤0.12 µg/ml were considered susceptible. Strains were considered moderately susceptible when the MIC ranged from 0.25 to 2.0 µg/ml. All strains were tested for beta-lactamase production using a chromogenic cephalosporin disk. d Cefinase disks were examined for a yellow-to-red change as evidence of a positive reaction.
In Mueller-Hinton medium not supplemented with blood, no sustaining growth was obtained. Seven (6%) of the 122 S. suis strains tested were resistant to penicillin and more than 40% were moderately susceptible using media supplemented with either sheep or bovine blood ( Table 1) .
As with S. pneumoniae, 18 supplements of blood from different animal sources did not significatively influence the MIC of different S. suis strains for penicillin. Control strains gave expected results, and the correlation between MIC values obtained with the 122 isolates of S. suis with media supplemented with bovine or sheep blood was excellent (r = 0.976) ( Fig. 1 ). The number of isolates designated as susceptible, moderately susceptible, or resistant was similar for each medium, with some minor differences. Three strains considered to be susceptible using medium supplemented with bovine blood were classified as moderately susceptible when sheep blood was used as supplement ( Table 1 ). More susceptible strains had an MIC 0.03 µg/ml or less in medium supplemented with bovine blood than that in medium supplemented with sheep blood. Additionally, fewer moderately susceptible strains had an MIC as high as 2.0 µg/ml in medium supplemented with bovine blood. One resistant strain with an MIC of 4.0 µg/ml with bovine blood had an MIC of 8.0 µg/ml with sheep blood (Figs. 2, 3 ).
The isolation of penicillin-resistant strains of S. suis have not been frequently reported. 10, 14, 15 Beta-lactamase production in enterococci was first described in 1983, 11 and it is the most common mechanism of resistance in this species. 4, 13 In S. suis, none of the strains included in the present study produced a beta-lactamase when tested by the chromogenic cephalosporin method (nitrocefin). Clearly, it is not the Table 1 . Susceptibility of 122 Streptococcus suis strains to penicillin using defibrinated sheep blood or bovine blood supplemented media. mechanism of resistance in our penicillin-resistant strains. Currently, the mechanism of resistance of S. suis strains to penicillin is unknown. The acquisition of resistance by other streptococci increases by discrete increments involving modifications in the structure of penicillin-binding proteins, which results in stepped reduction in antibiotic affinity. 2 If this is so with S. suis, a slow but progressive increase in resistance could be observed in the future.
Five of 7 strains with capsule type 22 were resistant to penicillin in the present study. This type seems to be very resistant, several isolates with multiple-antibiotic resistance have recently been detected in our laboratory (unpublished observations). The existence of serotype-related penicillin suis may be of considerable importance for the control of this infection and for future epidemiological studies.
The significance of the moderately susceptible strains has yet to be evaluated. The success of therapy for diseases caused by these strains could depend on the degree of penicillin resistance, the site of the infection, and the dose of antibiotic. High doses of penicillin may be adequate for systemic infections with these strains. However, as with S. pneumoniae, penicillin therapy for meningitis caused by moderately susceptible strains may be unsuccessful. 11, 18 Currently, S. suis infections are treated empirically with penicillin, and most isolates are not routinely tested for antibiotic sensitivity. The clinical implications of S. suis resistance to penicillin are serious. Penicillin sensitivity can no longer be assumed for all S. suis strains, and the routine treatment of S. suis infections with this antibiotic will have to be reevaluated if resistant strains become more prevalent.
In conclusion, the existence of S. suis strains resistant to penicillin and that do not produce beta-lactamase has been confirmed. In addition, several moderately susceptible strains were also detected. The use of blood supplements from different species does not appear to interfere significatively with the MIC test.
Lupin bean varieties produced in recent years are primarily low alkaloid (<0.05%), which are reasonably well utilized by ruminants and nonruminants. Lupirtus albus cultivar 'Ultra' is the most commonly grown white sweet (low alkaloid) lupin bean in North Dakota and Minnesota. Lupinus albus is high in crude protein and lipids, low in fiber, and appears to be free of lectins, antitrypsins, hemmagglutinins, and other antinutritional factors common to many legumes. These beans do, however, accumulate high amounts of manganese. 1, 3, 4, 6 The purpose of this report is to describe 3 cases of toxicosis in swine, resulting from the use of hexane-extracted lupin bean meal.
In the fall of 1987, a processing plant in North Dakota crushed lupin beans and produced a dehulled hexane-extracted lupin bean meal. The lupin meal contained 30% protein and < 1% ether extract and was similar in appearance to soybean meal. In December 1987, this lupin meal was purchased by an elevator and sold to pork producers as a substitute for soybean meal. The pork producers used the lupin meal, thinking it was soybean meal, in their routine swine diets. In mid-February 1988, the substitution of lupin meal for soybean meal was identified. Subsequently, the lupin meal was no longer fed and soybean meal was used as the protein source.
Swine from 24 different premises were fed the lupin meal at concentrations from 10 to 30% of the total ration. Immediate and, at first, complete feed refusal was observed in small pigs and in adult swine when the lupin meal was ≥ 10% of the ration. Following the initial rejection, pigs eventually consumed the rations at reduced levels of intake.
One producer had 135 feeder pigs weighing approximately 20 kg each and 36 growing pigs weighing approximately 90 kg each. Lupin meal was fed continously (~ 3 months) to both groups at levels from 15 to 18% of the ration until the pigs reached market weight at approximately 110 kg each. Forty-six of the 135 feeder pigs died from various causes. The remaining 89 required an additional 30-45 days to reach market weight. Ten of the 36 growing pigs died, and an additional 14 days was required for the remaining 26 to reach market weight. Losses from rectal prolapses and cannibalism were common in both groups.
A second producer had 23 pregnant sows and 110 growing swine that were fed lupin meal (~ 3 months) at levels ranging
